Introduction
Epidurography is a radiological technique which is used to demonstrate the anatomy of structures within the spinal canal by injecting iodine-containing contrast material into the epidural space. The examination can be expected to demonstrate the dural sac, the nerve roots and the posterior surfaces of the vertebral bodies and intervertebral discs. The examination is of most use in the diagnosis of low back pain due to disc prolapse (Luyendijk & van Voorthuisen 1966) . The technique avoids puncture of the dural sac so that all the side effects attributed to lumber puncture cannot occur.
The epidural space contains the dural sac, loose areolar tissue, blood vessels, lymphatics and spinal nerve roots crossing from the dural sac to the intervertebral foramina. The space is virtually closed, except where periosteum is deficient at the intervertebral foramina. For a radiological diagnosis to be made, fluid in the form of iodine-containing contrast medium has to flow as freely as possible in the epidural space and lie in intimate contact with the relevant anatomical structures. Thus the viscosity of the contrast must be as low as possible, compatible with adequate radio-opacity. Only water-soluble contrast fulfils this criterion.
Up to 1978, only ionic water-soluble contrast was available. This could be injected into the epidural space but, because of a direct irritant effect on nervous tissue, was normally mixed with local anaesthetic prior to injection. Admission to hospital was mandatory for this procedure.
During 1978, metrizamide, the first non-ionic iodine-containing water-soluble contrast medium, was introduced into the United Kingdom following extensive trials in Scandinavia where its low toxicity had been established. It was apparent that metrizamide could be used in the epidural space, without the side effects caused by ionic contrast. As epidurography does not need lumbar puncture, it seemed possible that the examination could be performed on an outpatient basis, using metrizamide.
This paper details the experience in 110 patients and describes the current procedure at the Royal Lancaster Infirmary, showing the normal and abnormal appearances due to intervertebral disc prolapse and spinal canal stenosis.
Methods
Metrizamide epidurography has been performed on 110 patients, all of whom were suffering from low back pain and were under consideration for surgery. The examination was used to establish the diagnosis, and to define the level(s) and degree of disc prolapse. In several patients a clinical diagnosis of spinal canal stenosis was confirmed. All patients were examined as outpatients and were allowed home an hour or so after completion. Two patients who had an inadvertent dural tap were admitted for overnight observation.
The details of the technique have been altered since the original description (Emery & Hamilton 1980) . A conventional fluoroscopic table with image intensification and closedcircuit television is used routinely. Biplane facilities may be preferred if available, as optimum filling of the epidural space is easier to achieve, using lateral screening with horizontal beam. The concentration of metrizamide now used is 200 mgIfml, which has sufficiently low viscosity but is stillradiographically dense enough to provide good detail. Up to about 20 ml of metrizamide is injected slowly through an 18G Tuohy needle inserted into the epidural space between the spinous processes of L4 and L5. Its progress is observed as the spinal canal and nerve roots are outlined. The injection is stopped when it is judged that this has been achieved; overfilling can obscure relevant detail.
Occasionally the patient complains of pain during the injection, which mimics symptomatology. This happens most often when epidurography is done for an acute disc lesion. The pain normally stops soon after the injection is over, and presumably results from increased spinal canal pressure as a result of the injection. When pain does occur, the examination acts as a sort of diagnostic test. The majority of patients only have minor discomfort, if any at all. Anteroposterior (AP), lateral and sometimes oblique films are taken without delay as metrizamide is absorbed very quickly from the epidural space, none being seen after about 20 minutes. Epinephrine has been used to delay absorption of contrast, so that tomography can be done if thought necessary (Easterbrook & Hibri 1981) , and it is mixed with metrizamide prior to injection. Admission to hospital is preferred with this technique.
Results
The appearances of normal.epidurograrns are shown in Figure l . In the AP view, contrast outlines the dural sac and nerve roots symmetrically, and defines the limits of the spinal canal. In the lateral view contrast is applied to the posterior longitudinal ligament, as it passes over the vertebral bodies and intervertebral discs. Figure 2 shows the epidurograms of a patient who complained of left-sided sciatica. In the AP view, filling of the nerve root sleeves is asymmetrical; the LS-SI nerve root on the left is not demonstrated. In the lateral view, contrast is displaced away from the back of the L5-SI disc due to the prolapse.
Epidurography can be particularly helpful in those cases where, at radiculography, the dural sac lies away from the front of the spinal canal at the lumbosacral junction. This space sometimes contains undetected prolapsed disc material, which can be demonstrated by epidurography (Figure 3 ). Figure 4 shows the appearance of spinal canal stenosis where the degree of narrowing of the canal, due to hypertrophy of the laminae and disc prolapse, can be clearly seen.
Of 110 examinations carried out, 101 were technically and radiologically successful. Seventy-two were considered abnormal and showed evidence of disc prolapse or, in 2 cases, spinal canal stenosis. The radiological diagnoses were confirmed in 36 of the 39 patients operated on, and the remaining patients with abnormal epidurograms responded to conservative measures.
In 3 patients the radiological diagnosis was not confirmed surgically. When their films were reviewed, it was observed that contrast had failed to flow sufficiently to fill the epidural space adequately. All these cases occurred early in the series when a higher concentration of metrizamide was used. Since the concentration and consequently the viscosity have been reduced, there have been no more false positives.
. Nine examinations were technically unsuccessful. Filling was too uneven in 4 cases to permit a diagnosis; all happened early in the series, when the higher concentration of metrizamide was used. An inadvertent dural tap was made in 2 cases. One patient with severe spinal stenosis found the examination too painful for it to be completed. In 2 patients who had had a previous laminectomy, contrast would not flow into the lower lumbar region, presumably due to adhesions following the operation. ....
Discussion
Experience over the last four years shows that metrizamide epidurography is a safe examination which provides as much information as radiculography, and sometimes more. Absence of filling of a nerve root sleeve and displacement of contrast away from the disc space in the lateral view are precise indicators of disc prolapse. It is perhaps less likely that a central prolapse will affect root sleeve filling, and conversely a lateral prolapse may displace contrast only slightly in the lateral view. A positive diagnosis may occasionally be made, therefore, where only one of the two signs is present. Nevertheless, the majority of patients with disc prolapse have positive evidence in both AP and lateral views. Experience in two patients who have had a laminectomy -both technical failures -suggests that previous spinal surgery is a contraindication to epidurography. In this series of 110 patients, no immediate or delayed side effects have been found. Epidurography avoids the hazards of intradural contrast techniques (Baker et af. 1978) and can be carried out on an outpatient basis, with minimal inconvenience to the patient. The absence of side effects makes epidurography the ideal examination for those patients who have had a severe reaction to lumbar puncture. There were 6 patients in this series who had had a radiculogram prior to an epidurogram: all preferred epidurography.
The diagnostic accuracy of the technique is reassuring, particularly since metrizamide in a lower concentration (200 mgl/ml) has been used. At first sight the radiographs of an epidurogram are not as 'tidy' as those from a radiculogram so that there may be some reluctance to accept that the examination is as helpful as a radiculogram. Whilst acknowledging that interpretation is a little more difficult, there is no doubt that the practised observer will find epidurography equally useful.
It appears, therefore, that epidurography can be considered to be the examination of choice in the diagnosis oflumbar disc prolapse. The stated results speak for its accuracy. This, with the absence of side effects that may appear following a radiculogram, argues for the routine use of epidurography in the diagnosis of low back pain, reserving radiculography for clarification of an equivocal epidurogram.
Dynamic studies of the lumbar spine can be performed with epidurography. Contrast lying across the back of the intervertebral disc is a very sensitive monitor of disc movement during flexion, extension and straining of the lumbar spine. This aspect is presently under investigation. Hatten (1980) has described a technique of introducing .metrizamide through a catheter placed in the epidural space via the sacral hiatus. Ideally the tip of the catheter can be placed precisely at the level of interest in the lumbar spine, and an optimum volume of contrast injected. Precise placement of the catheter is not always achieved and it is possible to produce root pain due to stimulation of nerve roots by the catheter, which is fairly rigid. Hospital admission is preferred. Many may favour the simpler technique described here, which has the great advantage that hospital admission is not necessary. . All the examinations in this series were done using metrizamide. There seems to be no reason why other non-ionic contrast materials, which have been introduced recently, cannot be used instead.
